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(57) A photoelectric sensor including a light emitter
and a light receiver that are separated from each other
is provided. The light emitter includes a light emitting unit
configured to emit a light beam, and a power supply cir-
cuit. The power supply circuit is configured to receive
supply of electric power through a first power supply line
(31) and a second power supply line that lead to an out-
side of the light emitter, and supply required electric pow-
er to the light emitting unit (22), one end of a third power
supply line (33) being connected to the first power supply
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Description
TECHNICAL FIELD

[0001] The presentinvention relates to a transmission-
type photoelectric sensor and a light emitter included in
the photoelectric sensor.

BACKGROUND ART

[0002] As an example of a sensor for detecting exist-
ence and invasion of an object, a photoelectric sensor is
known. A photoelectric sensor includes: a light emitting
unit configured to emit a light beam; and a light receiving
unit configured to detect that the emitted light beam has
changed due to a detection target. The photoelectric sen-
sor is classified roughly into a transmission type, a re-
flection type, a distance-setting type, and the like. Among
them, in a reflection-type photoelectric sensor and a dis-
tance-setting-type photoelectric sensor, a light emitting
unitand a light receiving unit are disposed approximately
at the same position. In contrast, in a transmission-type
photoelectric sensor, a light emitting unit and a light re-
ceiving unit are spaced apart from each other.

[0003] Various types of sensors each including a pho-
toelectric sensor each serve as a key device for imple-
menting factory automation (FA). Based on the detection
results from various types of sensors, the behaviors of
various types of devices and facilities are controlled. Al-
so, some defects may occur in various types of sensors.
In such a case, occurrence of such defects needs to be
detected.

[0004] For example, JP 2009-098735 A discloses a
slave of aPLC, by which an abnormality in a photoelectric
sensor can be detected in real time while reducing the
burden on a user program on the PLC side for executing
a sensor abnormality diagnosing method utilizing a func-
tion of changing the amount of emitted light beam in a
sensing system in which a plurality of transmission-type
photoelectric sensors are connected to a PLC through
the slave. More specifically, the sensor abnormality di-
agnosing means mounted in the slave of the PLC dis-
closed in JP 2009-098735 A is configured to change the
amount of emitted light beam and detect an abnormality
in a photoelectric sensor based on the relation of the
amount of light beam received at that time.

[0005] US5532471 Adiscloses a photoelectric switch
including a light emitting section emitting pulse light so
that intensity of the emitted pulse light is sequentially in-
creased. A light detecting section detects the pulse light
emitted by the light emitting section. A light detection sig-
nal indicative of the received light is amplified and then
integrated. A high-level light detection signal is delivered
by the light detecting section when an integral value is
equal to or above a threshold. A determination circuit
delivers a first detection signal when a duration of the
light detection signal is equal or above a predetermined
values. The determination circuit further delivers a stable
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operation signal when a set time period is reached. The
light detecting section is integrated into one-chip config-
uration.

SUMMARY OF INVENTION
TECHNICAL PROBLEM

[0006] In the configuration disclosed in JP
2009-098735 A mentioned above, sensor abnormality
diagnosing means needs to be mounted in the slave of
the PLC, which is suitable when a large number of trans-
mission-type photoelectric sensors are connected
through a single slave, but is not advantageous in terms
of cost when a transmission-type photoelectric sensor is
connected alone.

[0007] An object of the present invention is to imple-
ment a transmission-type photoelectric sensor config-
ured to allow detection of an abnormality in a simple con-
figuration.

SOLUTION TO PROBLEM

[0008] According to an aspect of the presentinvention,
a photoelectric sensor includes the features of claim 1.
Further advantageous embodiments are given in the de-
pendent claims.

ADVANTAGEOUS EFFECTS OF INVENTION

[0009] The present invention can implement a trans-
mission-type photoelectric sensor that is capable of de-
tecting an abnormality in a simple configuration.

BRIEF DESCRIPTION OF DRAWINGS
[0010]

Fig. 1 is a schematic diagram showing the state
where a transmission-type photoelectric sensor ac-
cording to the present embodiment is disposed.
Fig. 2 is a schematic diagram showing the configu-
ration of the transmission-type photoelectric sensor
according to the present embodiment.

Fig. 3 is a schematic diagram showing an example
of the wiring configuration of a photoelectric sensor
according to the related art of the present invention.
Fig. 4 is adiagram showing changes in output signals
at the time when disconnection occurs in the photo-
electric sensor according to the related art of the
present invention.

Fig. 5 is a schematic diagram showing an example
of the wiring configuration of the photoelectric sensor
according to the present embodiment.

Fig. 6 is adiagram showing changes in output signals
at the time when disconnection occurs in the photo-
electric sensor according to the present embodi-
ment.
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Fig. 7 is a schematic diagram showing an example
of the wiring configuration of a photoelectric sensor
according to the first modification of the present em-
bodiment.

Fig. 8 is a schematic diagram showing an example
of the wiring configuration of a photoelectric sensor
according to the second modification of the present
embodiment.

DESCRIPTION OF EMBODIMENTS

[0011] The embodiments of the present invention will
be hereinafter described in detail with reference to the
accompanying drawings, in which the same or corre-
sponding components are designated by the same ref-
erence characters, and description thereof will not be re-
peated.

<A. Application Example of Photoelectric Sensor>

[0012] First, an application example of a transmission-
type photoelectric sensor 1 according to the present em-
bodiment will be hereinafter described.

[0013] Fig. 1is a schematic diagram showing the state
where transmission-type photoelectric sensor 1 accord-
ing to the present embodiment is disposed. Fig. 1 shows
an example of detecting a workpiece 12 that is conveyed
on a conveyor 10. More specifically, photoelectric sensor
1 includes a light emitter 2, a light receiver 4, and a con-
troller 6. Light emitter 2 and light receiver 4 excluding
controller 6 may also be referred to as a "photoelectric
sensor". Light emitter 2 and light receiver 4 are separated
from each other and disposed such that light receiver 4
receives a light beam 8 emitted from light emitter 2. In
other words, light emitter 2 and light receiver 4 are pro-
vided as separate housings.

[0014] When workpiece 12 interrupts the light beam
from light emitter 2, the state of light receiver 4 receiving
the lightbeam (the amount of detected light beam) chang-
es. Then, based on this change, the presence or absence
of workpiece 12 can be detected.

[0015] Controller 6 may issue commands for control-
ling the timing and the state for applying light beam 8
from light emitter 2, as will be described later.

<B. Configuration of Photoelectric Sensor>

[0016] Then, the configuration of transmission-type
photoelectric sensor 1 according to the present embod-
iment will be described. Fig. 2 is a schematic diagram
showing the configuration of transmission-type photoe-
lectric sensor 1 according to the present embodiment.

[0017] Referring to Fig. 2, light emitter 2 of photoelec-
tric sensor 1 includes a light emitting unit 22 and a power
supply circuit 24. Power supply circuit 24 receives electric
power supplied from an external power supply and sup-
plies required electric power of a prescribed voltage to
light emitting unit 22. Light emitting unit 22 is for example
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formed of a light emitting element such as a light emitting
diode (LED), a lens and the like, and configured to emit
light beam 8 to be applied to a detection target.

[0018] Light receiver 4 of photoelectric sensor 1 in-
cludes a light receiving unit 42, a detection circuit 44, and
asignal output circuit 46. Light receiving unit 42 is formed
of a light receiving element such as a photodiode. When
light receiving unit 42 receives light beam 8 from light
emitter 2, it outputs a signal in accordance with the in-
tensity of received light beam 8. In response to the signal
from light receiving unit 42, detection circuit 44 outputs
a signal appropriate to the light-beam incident state
and/or the light-beam interrupted state. In response to
the signal from light receiving unit 42, signal output circuit
46 outputs a detection signal to controller 6 (Fig. 1) and
the like.

<C. Wiring Configuration and Problem Caused thereby>

[0019] The following is an explanation about the wiring
configuration of a photoelectric sensor 101 according to
the related art of the present invention together with a
problem caused by the wiring configuration.

[0020] Fig. 3 is a schematic diagram showing an ex-
ample of the wiring configuration of photoelectric sensor
101 according to the related art of the present invention.
Referring to Fig. 3, photoelectric sensor 101 according
to the related art of the present invention includes a light
emitter 102 and a light receiver 104, each of which sup-
plies electric power and outputs a signal through a con-
nection unit 130. Specifically, electric power is input to
connection unit 130 from an external power supply while
output signals OUT1 and OUT2 (the first output signal
and the second output signal) are output from connection
unit 130.

[0021] Light emitting unit 22 of light emitter 102 is sub-
stantially the same as light emitting unit 22 of light emitter
2 in photoelectric sensor 1. Light receiving unit 42, de-
tection circuit 44 and signal output circuit 46 of light re-
ceiver 104 are substantially the same as light receiving
unit 42, detection circuit 44 and signal output circuit 46,
respectively, of light receiver 4. Power supply circuit 124
of light emitter 102 receives electric power supplied from
an external power supply, and supplies electric power of
a prescribed voltage to light emitting unit 22.

[0022] Each of photoelectric sensor 101 according to
the related art of the present invention and photoelectric
sensor 1 according to the present embodiment (which
will be described later in detail) outputs two signals as
detection signals. By using such two signals, any defect
that may occur in light receiver 104 and light receiver 4
can be detected. A method of detecting such a defect
will be described later in detail.

[0023] In the wiring configuration of light emitter 102,
apower supply potential VCC supplied to connection unit
130 is connected to one end of power supply circuit 124
of light emitter 102 through power supply line 131, and
a ground potential GND supplied to connection unit 130
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is connected to the other end of power supply circuit 124
of light emitter 102 through a ground line 132.

[0024] In the wiring configuration of light receiver 104,
power supply potential VCC supplied to connection unit
130 is connected to one end of signal output circuit 46
of light receiver 104 through power supply line 133, and
ground potential GND supplied to connection unit 130 is
connected to the other end of signal output circuit 46 of
light receiver 104 through ground line 134.

[0025] Although notshown, the electric power supplied
through power supply line 133 and ground line 134 may
be supplied to detection circuit 44. In this case, a power
supply circuit thatis not shown is also connected to power
supply line 133 and ground line 134.

[0026] A transistor 462 and a transistor 466 are con-
nected in parallel with power supply potential VCC sup-
plied to signal output circuit 46.

[0027] Transistor 462 has one end connected to a first
signal line 135. The electric potential appearing on first
signal line 135 is defined as an output signal OUT1. In
other words, transistor 462 corresponds to the first
switching element connected to power supply line 133
(the second power supply line) leading to the outside of
light receiver 104 and serving to output the output signal
OUT1 (the first output signal).

[0028] Similarly, transistor 466 has one end connected
to second signal line 136. The electric potential appearing
on second signal line 136 is defined as an output signal
OUT2. In other words, transistor 466 corresponds to the
second switching element connected to power supply
line 133 (the second power supply line) leading to the
outside of light receiver 104 and serving to output the
output signal OUT2 (the second output signal).

[0029] The following is an example regarding photoe-
lectric sensor 1 according to the present embodiment, in
which the values inverted from each other are output as
two output signals in accordance with the intensity oflight.
In other words, two signals inverted from each other are
output as detection signals.

[0030] Transistor 462 has a gate to which a drive line
442 from detection circuit44 is connected. Transistor 466
has a gate to which a drive line 446 connected to drive
line 442 through aninverting circuit444 is input. Detection
circuit44 drivesdrive line 442 inresponse to the detection
signal from light receiving unit 42. Drive line 446 is con-
nected to the output of inverting circuit 444 to which drive
line 442 is input. Accordingly, drive line 442 and drive
line 446 are driven complementarily to each other. By
way of example, when a prescribed amount of received
light is detected by light receiving unit 42, drive line 442
is activated while drive line 446 is deactivated. On the
other hand, when a prescribed amount of received light
is not detected by light receiving unit 42, drive line 442
is deactivated while drive line 446 is activated. In this
way, one drive line is activated while the other drive line
is deactivated. In other words, in accordance with the
intensity of the detected light, detection circuit 44 switch-
es transistor 462 (the first switching element) and tran-
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sistor 466 (the second switching element) so as to be
brought into conducting states different from each other.
[0031] In this way, in accordance with the intensity of
the detected light, detection circuit 44 switches the con-
ducting state of each of transistor 462 (the first switching
element) and transistor 466 (the second switching ele-
ment).

[0032] By employing such an outputlogic, forexample,
when output signal OUT1 is at Hi (in an active state/at a
high potential) in the state where a prescribed amount of
received lightis detected by light receiving unit42, output
signal OUT2 is at Low (in a non-active state/at a low
potential). On the other hand, when a prescribed amount
of received light is not detected by light receiving unit 42,
output signal OUT1 is at Low and output signal OUT2 is
at Hi.

[0033] In addition, the relation of the amount of re-
ceived light with output signal OUT1 and output signal
OUT2 may be opposite. Specifically, when output signal
OUT1 is at Low (in a non-active state/at a low potential)
in the state where a prescribed amount of received light
is detected by light receiving unit 42, output signal OUT2
is at Hi (in an active state/at a high potential).

[0034] In controller 6 (see Fig. 1), occurrence or non-
occurrence of an abnormality can be detected based on
the combination of the value of output signal OUT1 and
the value of output signal OUT2.

[0035] Light emitter 102 and light receiver 104 may be
connected through a terminal provided in connection unit
130. The configuration formed by connecting a plurality
of cables may be employed as a cable that connects
connection unit 130 and light emitter 102 and/or a cable
that connects connection unit 130 and light receiver 104.
In such a case, connection is achieved through optional
connectors between a cable and connection unit 130,
between cables, and between a cable and light emitter
102 or light receiver 104.

[0036] In the wiring configuration as described above,
there is a possibility that disconnection may occur in a
conductive wire that connects connection unit 130 and
light emitter 102 or light receiver 104. In particular, as the
distance from connection unit 130 is longer, the possibil-
ity of occurrence of disconnection becomes higher.
[0037] The following is an explanation about the func-
tion of detecting disconnection in photoelectric sensor
101 shown in Fig. 3. Fig. 4 is a diagram showing changes
in output signals at the time when disconnection occurs
in photoelectric sensor 101 according to the related art
of the present invention. Fig. 4 shows the output results
of output signal OUT1 and output signal OUT2 in the
state where a detection target does not exist (the light-
beam incident state) and the state where a detection tar-
get exists (the light-beam interrupted state) with regard
to each of: the normal state where no disconnection oc-
curs; (A) the case where power supply line 133 of light
receiver 104 is disconnected; (B) the case where ground
line 134 of light receiver 104 is disconnected; (C) the
case where first signal line 135 is disconnected; (D) the
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case where second signal line 136 is disconnected; (E)
the case where power supply line 131 of light emitter 102
is disconnected; and (F) the case where ground line 132
of light emitter 102 is disconnected.

[0038] In the normal state where no disconnection oc-
curs, output signal OUT1 is at Hi and output signal OUT2
is at Low when a detection target does not exist (the light-
beam incident state: no detection target exists), whereas
output signal OUT1 is at Low and output signal OUT2 is
at Hi when a detection target exists (the light-beam in-
terrupted state: a detection target exists). Based on these
outputsignals, itis determined whether a detection target
exists or not.

[0039] In (A) the case where power supply line 133 of
light receiver 104 is disconnected, electric power for out-
putting output signal OUT1 and output signal OUT2 is
not supplied. Accordingly, irrespective of the presence
or absence of a detection target, each of output signal
OUT1 and output signal OUT2 is maintained at Low. In
this state, the value of output signal OUT1 and the value
of output signal OUT2 are not inverted from each other.
Thus, it can be detected that an abnormality occurs.
[0040] In (B) the case where ground line 134 of light
receiver 104 is disconnected, electric power is not sup-
plied to light receiver 104. Accordingly, transistor 462 and
transistor 466 each are brought into a non-conducting
state, so that each of output signal OUT1 and output sig-
nal OUT2 is set at Low. Thus, the value of output signal
OUT1 and the value of output signal OUT2 are not in-
verted from each other between Hi and Low. Thus, it can
be detected that an abnormality occurs.

[0041] In (C)the case where first signal line 135 is dis-
connected, the circuit for output signal OUT1 is opened.
Accordingly, each of output signal OUT1 and output sig-
nalOUT2is atLow. Thus, the value of output signal OUT1
and the value of output signal OUT2 are not inverted from
each other between Hiand Low. Thus, it can be detected
that an abnormality occurs.

[0042] In (D) the case where second signal line 136 is
disconnected, the circuit for output signal OUT2 is
opened. Accordingly, when a detection target does not
exist (no detection target exists), output signal OUT1 is
at Hi and output signal OUT2 is at Low. On the other
hand, when a detection target exists (a detection target
exists), each of output signal OUT1 and output signal
OUT2 is at Low. When a detection target does not exist,
the same values are combined as those in the normal
condition. Accordingly, no detection can be done in this
state. However, when the detection state is changed, the
value of output signal OUT 1 and the value of output signal
OUT2 are not inverted from each other between Hi and
Low. Thus, itcan be detected that an abnormality occurs.
[0043] As described above, an abnormality can be de-
tected even when disconnection occurs in any conduc-
tive wire connected to light receiver 104. The same re-
lation is established even when the logic shown in Fig. 4
is reversed. In this case, in the table, output signal OUT1
only has to be replaced with output signal OUT2 and
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output signal OUT2 only has to be replaced with output
signal OUT 1.

[0044] In contrast, disconnection occurring in the con-
ductive wire connected to light emitter 102 cannot be
detected as an abnormality. Specifically, in each of (E)
the case where power supply line 131 of light emitter 102
is disconnected and (F) the case where ground line 132
of light emitter 102 is disconnected, light beam 8 is not
applied from light emitter 102. In this state, it cannot be
distinguished in light receiver 104 whether light beam 8
is interrupted due to existence of a detection target or
light beam 8 is not applied from light emitter 102. This
state remains unchanged irrespective of presence or ab-
sence of a detection target.

[0045] In other words, even when light beam 8 cannot
be applied due to some defect occurring in a path through
which electric power is supplied to light emitter 102, light
receiver 104 outputs output signal OUT1 and output sig-
nal OUT2 corresponding to the light-beam interrupted
state. Thus, the normal state and the abnormal state can-
not be distinguished from each other. In other words, an
abnormality cannot be detected even when the detection
state changes.

[0046] Transmission-type photoelectric sensor 1 ac-
cording to the present embodiment provides a configu-
ration that allows detection of disconnection that may oc-
cur in a conductive wire connected to light emitter 102,
as described above.

<D. Configuration for Solving Problems (I)>

[0047] Then, an example of the wiring configuration of
photoelectric sensor 1 according to the present embod-
iment will be described.

[0048] Fig. 5 is a schematic diagram showing an ex-
ample of the wiring configuration of photoelectric sensor
1 according to the present embodiment. Referring to Fig.
5, photoelectric sensor 1 according to the present em-
bodiment includes a light emitter 2 and a light receiver
4, each of which supplies electric power and outputs a
signal through a connection unit 30.

[0049] Photoelectric sensor 1 according to the present
embodiment outputs two signals that are inverted from
each other as detection signals. By using these two sig-
nals inverted from each other, a defect that may occur
not only in light receiver 4 but also in light emitter 2 can
be detected. The method of detecting such a defect will
be described later in detail. Light emitter 2 includes a
signal output circuit 26 in addition to light emitting unit 22
and power supply circuit 24. Signal output circuit 26
serves to output a signal in accordance with the state of
light emitter 2.

[0050] Inthe wiring configuration of light emitter 2, pow-
er supply potential VCC supplied to connection unit 30
is input into signal output circuit 26 of light emitter 2
through power supply line 31, and is also connected to
one end of power supply circuit 24. Ground potential GND
supplied to connection unit 30 is input into signal output
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circuit 26 of light emitter 2 through ground line 32 and
also connected to the other end of power supply circuit
24. In other words, power supply circuit 24 of light emitter
2 receives supply of electric power through power supply
line 31 (the first power supply line) and ground line 32,
each of which leads to the outside of light emitter 2. In
photoelectric sensor 1 according to the present embod-
iment, power supply line 31 and ground line 32 extend
to connection unit 30.

[0051] A transistor 262 is connected to power supply
potential VCC to be supplied to signal output circuit 26.
[0052] Power supply circuit 24 of light emitter 2 in-
cludes a monitoring circuit 25 that is also operated with
electric power supplied through power supply line 31 (the
first power supply line) and ground line 32. A drive line
266 is disposed between the gate of transistor 262 and
monitoring circuit 25. Monitoring circuit 25 controls the
conducting state of transistor 262 (the third switching el-
ement). In other words, monitoring circuit 25 activates or
deactivates drive line 266 in accordance with the state
of light emitter 2. More specifically, monitoring circuit 25
maintains drive line 266 in the activated state as long as
light emitter 2 is in a sound state or as long as electric
power is supplied to power supply circuit 24.

[0053] In the wiring configuration of light receiver 4, a
secondary power supply line 38 is connected to a power
supply line 33 of light receiver 4 in connection unit 30. In
other words, power supply potential VCC supplied to sig-
nal output circuit 26 passes through transistor 262 of sig-
nal output circuit 26, and thereafter is supplied to signal
output circuit 46 through secondary power supply line 38
and power supply line 33. In this way, light receiver 4
includes transistor 262 (the third switching element) dis-
posed between one end of secondary power supply line
38 (the third power supply line) and power supply line 31
(the first power supply line).

[0054] Since the circuit configuration of signal output
circuit 46 of light receiver 4 and the wiring configuration
between first signal line 35 and second signal line 36 are
the same as those in Fig. 3 as described above, the de-
tailed description thereof will not be repeated.

[0055] As shown in Fig. 5, photoelectric sensor 1 is
provided with secondary power supply line 38 (the third
power supply line) that has: one end electrically connect-
ed to power supply line 31 (the first power supply line)
on the inside of light emitter 2; and the other end electri-
cally connected to power supply line 33 (the second pow-
er supply line) on the outside of light receiver 4. Power
supply line 33 (the second power supply line) and ground
line 34 extend to connection unit 30. By employing such
a configuration, the accuracy of detecting an abnormality
such as disconnection can be increased as compared
with the related art described above.

[0056] In controller 6 (see Fig. 1), occurrence or non-
occurrence of an abnormality can be detected based on
the combination of the value of output signal OUT1 and
the value output signal OUT2. An example of such an
abnormality to be detected may be disconnection that
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occurs in a conductive wire connecting connection unit
30tolightemitter 2 orlightreceiver 4, as described above.
[0057] The following is an explanation about the func-
tion of detecting disconnection in photoelectric sensor 1
shown in Fig. 5. Fig. 6 is a diagram showing changes in
output signals at the time when disconnection occurs in
photoelectric sensor 1 according to the present embod-
iment. Fig. 6 shows the output results of output signal
OUT1 and output signal OUT2 in the each of state where
a detection target does not exist (the light-beam incident
state) and the state where a detection target exists (the
light-beam interrupted state) with regard to each of: the
normal state where no disconnection occurs; (A) the case
where power supply line 33 of light receiver 4 is discon-
nected; (B) the case where ground line 34 of light receiver
4 is disconnected; (C) the case where first signal line 35
is disconnected; (D) the case where second signal line
36 is disconnected; (E) the case where power supply line
31 of light emitter 2 is disconnected; (F) the case where
ground line 32 of light emitter 2 is disconnected; and (G)
the case where secondary power supply line 38 of light
emitter 2 is disconnected.

[0058] As shown in Fig. 6, in the normal state where
no disconnection occurs, photoelectric sensor 1 accord-
ing to the present embodiment can determine whether a
detection target exists or not based on output signal
OUT1 and output signal OUT2, as in photoelectric sensor
101 according to the related art as described above.
[0059] Also as shown in Fig. 6, photoelectric sensor 1
according to the present embodiment can detect that an
abnormality occurs in each of: (A) the case where power
supply line 33 of light receiver 4 is disconnected; (B) the
case where ground line 34 of light receiver 4 is discon-
nected; (C) the case where first signal line 35 is discon-
nected; and (D) the case where second signal line 36 is
disconnected, as in photoelectric sensor 101 according
to the related art as described above.

[0060] Furthermore, photoelectric sensor 1 according
to the present embodiment can detect that an abnormal-
ity occurs in each of: (E) the case where power supply
line 31 of light emitter 2 is disconnected; and (F) ground
line 32 of light emitter 2 is disconnected, in contrast to
photoelectric sensor 101 according to the related art as
described above.

[0061] More specifically, in (E) the case where power
supply line 31 of light emitter 2 is disconnected, electric
power is not supplied to light emitter 2 and light receiver
4. Thus, there is no electric power for outputting output
signal OUT 1 and output signal OUT2. As a result, each
of output signal OUT 1 and output signal OUT2 is main-
tained at Low irrespective of the presence or absence of
a detection target. In this state, the value of output signal
OUT1 and the value of output signal OUT2 are not in-
verted from each other. Thus, it can be detected that an
abnormality occurs.

[0062] In (F) the case where ground line 32 of light
emitter 2 is disconnected, electric power is not supplied
to power supply circuit 24 of light emitter 2. Accordingly,
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monitoring circuit 25 for activating transistor 262 also
stops operating. This results in interruption of a path
through which electric power is supplied via secondary
power supply line 38 to light receiver 4. Thus, each of
output signal OUT1 and output signal OUT2 is main-
tained at Low irrespective of the presence or absence of
a detection target. In this state, the value of output signal
OUT1 and the value of output signal OUT2 are not in-
verted from each other. Thus, it can be detected that an
abnormality occurs.

[0063] Photoelectric sensor 1 according to the present
embodiment is different from photoelectric sensor 101
shown in Fig. 3 in that secondary power supply line 38
is added as a conductive wire that connects connection
unit 30 and light emitter 2. Although this secondary power
supply line 38 also may be disconnected, such discon-
nection of secondary power supply line 38 can also be
detected.

[0064] In (G)the case where secondary power supply
line 38 of light emitter 2 is disconnected, the power supply
path from light emitter 2 to light receiver 4 is to be inter-
rupted. Thus, each of output signal OUT1 and output
signal OUT2is maintained atLow irrespective of the pres-
ence or absence of a detection target. In this state, the
value of output signal OUT 1 and the value of output signal
OUT2 are not inverted from each other. Thus, it can be
detected that an abnormality occurs.

[0065] The samerelationis established even whenthe
logic shown in Fig. 6 is reversed. In this case, in the table,
output signal OUT1 only has to be replaced with output
signal OUT2, and output signal OUT2 only has to be re-
placed with output signal OUT1.

[0066] As described above, photoelectric sensor 1 ac-
cording to the present embodiment can reliably detect
an abnormality even when disconnection occurs in any
of: the conductive wire that connects connection unit 30
and light emitter 2; and the conductive wire that connects
connection unit 30 and light receiver 4.

<E. Modifications>

[0067] Modifications as described below can also be
applied in photoelectric sensor 1 according to the present
embodiment as described above.

(e1: Monitoring Circuit)

[0068] Monitoring circuit 25 of power supply circuit 24
shown in Fig. 5 may be configured to more precisely mon-
itor the state of light emitter 2. Examples of conceivable
situations may be: a situation where the lens surface (a
surface onto which a light beam is applied) of light emit-
ting unit 22 of light emitter 2 is stained; and a situation
where the amount of light flux from a light emitting ele-
ment that forms light emitting unit 22 is reduced due to
the end of its lifespan. Monitoring circuit 25 may include
a function of detecting such an abnormal situation.

[0069] Fig. 7 is a schematic diagram showing an ex-
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ample of the wiring configuration of a photoelectric sen-
sor 1A according to the first modification of the present
embodiment. Referring to Fig. 7, photoelectric sensor 1A
according to the first modification of the present embod-
imentincludes a light-beam applying state detection sen-
sor 23 that is disposed in close proximity to light emitting
unit 22 of light emitter 2A. Light-beam applying state de-
tection sensor 23 corresponds to a detector that monitors
the state of light beam 8 applied from light emitting unit
22. More specifically, light-beam applying state detection
sensor 23 is formed of a photodiode and the like and
configured to determine whether or not the intensity or
the illuminance of light beam 8 applied from light emitting
unit 22 of light emitter 2A is equal to or greater than a
prescribed value, and then, output the detection result to
a monitoring circuit 25A.

[0070] Monitoring circuit 25A maintains transistor 262
(the third switching element) in the conducting state when
light beam 8 is applied in a predetermined state. More
specifically, monitoring circuit 25A shifts drive line 266 to
a non-active state (Low) when the detection result from
light-beam applying state detection sensor 23 shows that
the intensity of light beam 8 is less than a prescribed
value even though prescribed electric power is supplied
from power supply circuit 24 to light emitting unit 22. This
brings transistor 262 into a non-conducting state, so that
a path through which electric power is supplied to light
receiver 4 is interrupted. As a result, irrespective of the
presence or absence of a detection target, each of output
signal OUT1 and output signal OUT2 is set at Low, which
is to be detected as an abnormality.

[0071] Fig. 7 shows an example of monitoring the in-
tensity of light beam 8 applied from light emitting unit 22
of light emitter 2A as a representative example. Without
being limited to this example, any state of light emitter 2
may be monitored. Examples of a target to be monitored
may be the ambient temperature, the internal tempera-
ture, the quality of the external power supply (a voltage
value, a voltage change rate, and the like), the capaci-
tance of an electrolytic capacitor mounted in power sup-
ply circuit 24, and the like.

[0072] Furthermore, the voltage of a light emitting cir-
cuit may be monitored. Breakdown to open of a light emit-
ting element such as an LED causes a decrease in the
drive voltage of the light emitting circuit. Thus, while mon-
itoring such a voltage decrease, the output signal from a
light emitter may be set at Low.

(e2: Simplified Configuration)

[0073] Photoelectric sensor 1 according to the present
embodiment as described above employs a configura-
tion in which an abnormality such as disconnection is
detected by disposing light emitter 2 and light receiver 4
so as to be involved in a portion of the path until which
output signal OUT1 and output signal OUT2 are output.
Under such a technical idea, the circuit configuration in
light emitter 2 may be further simplified. The following is
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an explanation about an example in which the circuit con-
figuration of light emitter 2 is simplified.

[0074] Fig. 8 is a schematic diagram showing an ex-
ample of the wiring configuration of a photoelectric sen-
sor 1B according to the second modification of the
present embodiment. Referring to Fig. 8, in photoelectric
sensor 1B according to the second modification of the
present embodiment, the circuit configuration of a signal
output circuit 26B of a light emitter 2B is simplified. More
specifically, transistor 262 and the like are not provided
and one end of secondary power supply line 38 is elec-
trically connected to power supply line 31. In even such
a simple circuit configuration, disconnection occurring in
power supply line 31 and the like can be detected.

(e3: Short-Circuit Detecting Function)

[0075] The above description has been made with re-
gard to the function of detecting disconnection that may
occur in the conductive wire that connects connection
unit 30 to light emitter 2 or light receiver 4, but a short
circuit that may occur between these conductive wires
can also be detected.

[0076] In general, a short circuit between the conduc-
tive wire related to power supply potential VCC and the
conductive wire related to ground potential GND can be
detected based on the level of the amount of supplied
current and the like. Also, in the case of a short circuit
between the conductive wire related to power supply po-
tential VCC or ground potential GND and the conductive
wire related to output signal OUT1 or output signal OUT2,
output signal OUT1 or output signal OUT2 usually shows
a value in accordance with the current situation. Accord-
ingly, occurrence of an abnormality can be detected
based on the values of output signal OUT1 and output
signal OUT2.

[0077] Furthermore, one or both of signal output circuit
26 of light emitter 2 and signal output circuit 46 of light
receiver 4 may be provided with an additional circuit for
facilitating detection of a short circuit.

(e4: Light-Beam Interruption Command Input)

[0078] In the configuration of the photoelectric sensor
shown in each of Figs. 5, 7 and 8 as described above,
the number of conductive wires connecting each of light
emitters 2, 2A and 2B to connection unit 30 is three, which
is smaller by one than four conductive wires that connect
light receiver 4 to connection unit 30. Itis reasonable and
economical that the cable containing a number of con-
ductive wires from connection unit 30 to each of light
emitters 2, 2A and 2B is identical in specifications to the
cable containing a number of conductive wires from con-
nection unit 30 to light receiver 4. In the above-described
example, a path from connection unit 30 to each of light
emitters 2, 2A, 2B and light receiver 4 may be connected
by a cable including four conductive wires.

[0079] When such a cable including four conductive
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wires is employed, remaining one conductive wire may
be used for another use purpose for light emitters 2, 2A
and 2B.

[0080] Byway of example, controller 6 and the like may
issue a command to control the timing and the state for
applying light beam 8 from light emitters 2, 2A and 2B.
Examples of a conceivable command may be a com-
mand to mask light beam 8 applied from each of light
emitters 2, 2A and 2B when a command from controller
6 is activated (a light-beam interruption command input).
Using such a light-beam interruption command input can
prevent erroneous detection of a detection target during
a certain operation and the like.

(e5: Output Signal)

[0081] The above description has been made while ex-
emplifying the configuration in which output signal OUT1
and output signal OUT2 have values that are inverted
from each other, but the present invention is not neces-
sarily limited to this configuration. For example, output
signal OUT1 and output signal OUT2 having the same
value may be adopted. Furthermore, a signal of a pre-
determined operating frequency may be output as a sin-
gle output signal.

[0082] In the case where output signal OUT1 and out-
put signal OUT2 having the same value are adopted,
disconnection occurring in a signal line results in output-
ting of output signal OUT1 and outputsignal OUT2 having
different values. Thus, an abnormality can be detected.
For example, when one of the lines is disconnected in
the state where output signal OUT1 is at Low and output
signal OUT2is at Low, an abnormality cannotbe detected
since both the signals remain at Low. However, an ab-
normality can be detected when the state of the detection
target changes.

<F. Advantage>

[0083] According to the photoelectric sensor in the
present embodiment, even disconnection occurring in
any of the light emitter and the light receiver can be reli-
ably detected only by adding one conductive wire be-
tween the connection unit and the light emitter, as com-
pared with the photoelectric sensor according to the re-
lated art.

[0084] According to the photoelectric sensor in the
present embodiment, occurrence or non-occurrence of
an abnormality can be detected in real time based on the
combination of the values of the output signals. Accord-
ingly, a complicated logic and the like for detecting an
abnormality do not need to be mounted in a controller
and the like.

[0085] According to the photoelectric sensor in the
presentembodiment, an abnormality inside the light emit-
ter can also be detected in addition to an abnormality
caused by occurrence of disconnection in the conductive
wire from the connection unit to the light emitter. For ex-
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ample, by employing the light-beam applying state de-
tection sensor as described above, it becomes possible
to detect the state where a light beam cannot be appro-
priately applied, which occurs in the cases where the
amount of light flux from a light emitting element is re-
duced due to the end of its lifespan, or where a lens is
stained. Thus, this abnormal state can be output to the
outside.

[0086] In general, in the case of employing the config-
uration for checking the normal operation at any timing
using aninputline such as termination of light beam emis-
sion, a total of five terminals for a power supply line, a
groundline, a light emitterinputline, a light receiver signal
line, and a light receiver signal line are required. Howev-
er, the photoelectric sensor according to the present em-
bodiment requires only four terminals, so that ports can
be effectively utilized with efficiency.

[0087] It should be understood that the embodiments
disclosed herein are illustrative and non-restrictive in
every respect. The scope of the present invention is de-
fined by the terms of the claims, rather than the descrip-
tion above, and is intended to include any modifications
within the meaning and scope equivalent to the terms of
the claims.

REFERENCE SIGNS LIST

[0088] 1, 1A, 1B, 101 photoelectric sensor, 2, 2A, 2B,
102 light emitter, 4, 104 light receiver, 6 controller, 8 light
beam, 10 conveyor, 12 workpiece, 22 light emitting unit,
23 light-beam applying state detection sensor, 24, 124
power supply circuit, 25, 25A monitoring circuit, 26, 26B,
46 signal output circuit, 30, 130 connection unit, 31, 33,
131, 133 power supply line, 32, 34, 132, 134 ground line,
35, 135 first signal line, 36, 136 second signal line, 38
secondary power supply line, 42 light receiving unit, 44
detection circuit, 262, 462, 466 transistor, 266, 442, 446
drive line, 444 inverting circuit, GND ground potential,
OUT1, OUT2 output signal.

Claims

1. A photoelectric sensor (1B) including a light emitter
(2B) and a light receiver (4) that are separated from
each other,

the light emitter (2B) including:

a light emitting unit (22) configured to emit
a light beam, and
a power supply circuit (24) configured to

receive supply of electric power
through a first power supply line (31)
and a second power supply line (32)
that lead to an outside of the light emit-
ter, and
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supply required electric power to the
lightemitting unit (22), one end of a third
power supply line (33) being connected
to the first power supply line (31) inside
of the light emitter (2B),

the light receiver (4) including:

a first switching element (462), connected
toanother end of the third power supply line,
for serving to output a first output signal
(OUTY),

a second switching element (466), connect-
ed to the other end of the third power supply
line, for serving to output a second output
signal (OUT2), and

a detection circuit (44) configured to switch
a conducting state of each of the first switch-
ing element and the second switching ele-
ment in accordance with an intensity of light
detected.

The photoelectric sensor according to claim 1, fur-
ther comprising a connection unit (30) through which
electric power is input from an external power supply
and through which the first output signal and the sec-
ond output signal are output, wherein

the first power supply line extends from the light
emitter to the connection unit, and

the second power supply line extends from the
light receiver to the connection unit.

The photoelectric sensor according to claim 1 or 2,
wherein the detection circuit is configured to switch
the first switching element and the second switching
element to be brought into conducting states differ-
ent from each other in accordance with the intensity
of light detected.

A light emitter (2B) combined with a light receiver (4)
to form a photoelectric sensor (1B), the light emitter
and the lightreceiver being separated from each oth-
er, the light emitter (2B) comprising:

a light emitting unit (22) configured to emit a light
beam; and
a power supply circuit (24) configured to

receive supply of electric power through a
first power supply line (31) and a second
power supply line (32) that lead to an out-
side of the light emitter, and

supply required electric power to the light
emitting unit, one end of a third power sup-
ply line (33) being connected to the first
power supply line inside of the light emitter
(2B),
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the light receiver (4) including

a first switching element (462), connected

to an other end of the third power supply
line, for serving to output afirstoutput signal %
(OUTY),

a second switching element (466), connect-

ed to the other end of the third power supply
line, for serving to output a second output
signal (OUT2), and 10
a detection circuit (44) configured to switch
aconducting state of each of the first switch-

ing element and the second switching ele-
ment in accordance with an intensity of light
detected. 15
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FIG.4
DETECTION| LOAD ON | LOAD ON
NORMAL/ABNORMAL
/ TARGET OoUuT1 OoUT2
NOT EXIST Hi Low
NORMAL
EXIST Low Hi
(A) POWER SUPPLY LINE | NOT EXIST Low Low
OF LIGHT RECEIVER
DISCONNECTED EXIST Low Low
(B) GROUND LINE OF NOT EXIST Low Low
LIGHT RECEIVER
DISCONNECTED EXIST Low Low
(C) OUT1 LINE NOT EXIST | Low Low = pETECT
DISCONNECTED . ABNORMALITY
EXIST Low Hi WHEN
STATE
DISCONNECTED EXIST Low Low <—! CHANGES
(E) POWER SUPPLY LINE | NOT EXIST {ow Hi UNABLE TO
OF LIGHT EMITTER
F DETECT
DISCONNECTED EXIST Low Hi | ABNORMALITY
(F) GROUND LINE OF NOT EXIST (ow K EVEN WHEN
LIGHT EMITTER DETECTION
DISCONNECTED EXIST Low Hi STATE CHANGES
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FIG.6
DETECTION| LOAD ON | LOAD ON
NORMAL/ABNORMAL | 0o "2 OUT! OUT?
NOT EXIST Hi Low
NORMAL
EXIST Low Hi
(A) POWER SUPPLY LINE | NOT EXIST Low Low
OF LIGHT RECEIVER
DISCONNECTED EXIST Low Low
(B) GROUND LINE OF NOT EXIST Low Low
LIGHT RECEIVER
DISCONNECTED EXIST Low Low
(C) OUT1 LINE NOT EXIST Low Low < DETECT
DISCONNECTED EXIST L Hi ABNORMALITY
S ow [ WHEN
(D) OUT2 LINE NOT EXIST Hi Low DETECTION
DISCONNECTED STATE
EXIST Low Low [ GLANGES
(E) POWER SUPPLY LINE | NOT EXIST Low Low
OF LIGHT EMITTER ABLE TO
DISCONNECTED EXIST Low Low DETECT
(F) GROUND LINE OF NOT EXIST Low Low ABNORMALITY
LIGHT EMITTER > BY LINE
DISCONNECTED EXIST Low Low DISCONNECTION
(G) SECONDARY POWER NOT EXIST Low Low IN LIGHT
SUPPLY LINE OF LIGHT EMITTER
EMITTER DISCONNECTED |  EXIST Low Low
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